Effect of temperature on the expression of wild-type and thermostable mutants of kanamycin nucleotidyltransferase in Escherichia coli.
The expression of kanamycin nucleotidyltransferase (KNTase) in Escherichia coli results in different forms of the protein, depending on the temperature; soluble active enzyme is synthesized at 23 degrees C but the protein is mostly aggregated and inactive in inclusion bodies when made at 37 degrees C. However, active enzyme can be recovered by solubilization of the inclusion bodies with 8 M urea followed by dilution of the denaturant, indicating that the polypeptide is not damaged covalently but is present in a misfolded state. The availability of thermostable mutants of KNTase allows a test of the hypothesis that formation of inclusion bodies when proteins are highly expressed in E. coli is due to the accumulation of a folding intermediate that is prone to temperature-dependent aggregation. Because these mutants were isolated by cloning the KNTase gene into the thermophile Bacillus stearothermophilus and selecting for kanamycin resistance at high growth temperatures, they must be thermostable for both synthesis and activity and must have folding intermediates that are less susceptible to the formation of aggregates. Indeed, whereas decreasing the temperature from 37 to 23 degrees C increased the KNTase specific activity 10-fold in cells expressing the wild-type enzyme, this change resulted in only a 2.1-fold increase for the TK1 (Asp80----Tyr) mutant and a 1.7-fold increase for the TK101 (Asp80----Tyr and Thr130----Lys) double mutant. The strategy of cloning in thermophiles and selecting or screening for mutants that fold correctly to yield biological activity at high growth temperatures may be useful in overcoming the problem of the insolubility of some proteins when expressed in heterologous hosts.